A mildly dysmorphic, mentally retarded male with neurofibromatosis 1 (NF1) was found to have a de novo deletion of chromosome 17. The deletion occurred on the paternally derived chromosome 17 as shown by the absence of a DI 7S73 paternal allele. Densitometric analysis indicated that, in addition to the D17S73 locus, the patient has only one copy of four other adjacent loci. The deletion involved the loci D17S120, NFI, D17S57, DI 7S115, and Dl 7S73 and was estimated to encompass more than 380 kb of DNA. The deletion of the entire paternal NFI allele argues strongly that this disorder is not caused by the action of an abnormal NFI protein. The extent of the deletion suggests that the mental retardation and dysmorphism of this patient may result from a deletion involving both the NF1 gene and contiguous genetic material.
While there are likely to be multiple complex mechanisms that account for the interand intrafamilial phenotypic variability of NF1, one important contributing factor may be the nature of the mutation of the NF1 gene.
To date, only a few mutations in the NF1 gene have been described.89121415 The search for mutations will probably be complicated by the large size of the gene, 13 to 15 kb cDNA,81 and the relative scarcity of large gene rearrangements.9 12 Characterisation of mutations in the NF1 gene may also provide clues to the molecular basis for the preferential mutation of the paternal NFl allele. The mutation rate of the NFl gene, estimated at 1 x 10-4/gamete/generation, is approximately 100-fold higher than most genes." 6 In 92% of the cases of identified instances of new mutation (n=25), it is the paternally derived NFI allele that is mutated.'5 1718 These data, in view of the slight or absent paternal age effect observed in this disorder,'619 suggest that a sex specific process, or genomic imprinting, may have a role in NFl mutagenesis. 18 In this report we give the first molecular description of a mutation in an NF1 patient with mental retardation and dysmorphism. The mutation is a large de novo deletion of the paternally derived chromosome 17 that appears to encompass an entire NF1 allele and additional flanking DNA.
Materials and methods

PATIENT
The proband was brought to our attention by VMR after cytogenetic analysis suggested a possible deletion involving chromosome band 17qll.2, the location of the NFI gene. All other chromosomes appeared unaltered.
The proband is a 20 year old Caucasian male. The pregnancy was uneventful apart from spotting at eight months; delivery at 38 weeks was spontaneous and normal. Hypotonia, slight dysmorphism, and absence of the coccyx were noted at birth, and developmental delay was observed in infancy and early childhood. NFl was diagnosed at To differentiate between homozygosity or hemizygosity for loci in the NF1 gene region in the proband, two autoradiographs from independently prepared and hybridised Southem blot membranes were subjected to densitometric analysis. One membrane contained DNA purified from lymphoblastoid cell lines and the other DNA purified from both lymphoblastoid cell lines and from whole blood. DNA probes for two loci were simultaneously hybridised to the DNA on each Southem membrane; one locus was near/in the NF1 gene and the second locus was on a different chromosome and was used to control for differences in DNA concentration between samples. In most cases, restriction enzymes were chosen that could show a polymorphism at the NFl regional locus to determine the alleles and their density simultaneously. One of three control loci were used: L112 (DlS52), P166 (D2S30), or L917 (D7S15).23 Densitometry was performed using a Hoefer GS300 densitometer with Macintosh II interface.
The ratio of the density of the fragment(s) homologous to the NF1 regional locus compared to the density of the fragment(s) homologous to the control locus in the same lane was calculated for the patient's DNA and the DNA of a least one unaffected, unrelated control on the same autoradiograph. Controls homozygous for the same allele as the proband were used whenever possible. The density ratio for the proband divided by the density ratio of the control expressed as a percent is defined as the band density. Band density values given in the table are the average of duplicate experiments. Current maps of the NF1 subchromosomal region of chromosome 17 can only provide an estimate of the size of the deletion. Genetically, the deletion ranges in size from a minimum of cM, the sex averaged distance from NFI to Dl 7S73, to a maximum of 10 4 cM, the sex averaged distance from Dl 7S33 to Dl 7S54.6 Physically, the borderline cytogenetic detectability of the deletion implies that i; is large in size (data not shown). A minimum physical distance is estimated at 380 kb of DNA, the approximate distance between the probes 17L1 and IF10 both of which lie between D17S120 and D17S57, two loci which are deleted in our patient.82628 The true size of the deletion is expected to be greater than 380 kb since DNA beyond D17S57 is deleted (fig 3) .
The deletion of the entire paternal NF1 allele in the patient strongly argues that the neurofibromatosis 1 disorder is not caused by the action of an abnormal NF1 protein. While many of the previously described NFI mutations are known, or expected, to result in inactivation of the gene, in each case an abnormal truncated NFI protein could have been produced. These mutations include intragenic deletions of 11, 90, 140, and 190 
